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(57) ABSTRACT 

A ?eld effect transistor includes an active region and a 
termination region surrounding the active region. Aresistive 
element is coupled to the termination region, Wherein upon 
occurrence of avalanche breakdown in the termination 
region an avalanche current starts to How in the termination 
region, and the resistive element is con?gured to induce a 
portion of the avalanche current to How through the termi 
nation region and a remaining portion of the avalanche 
current to How through the active region. 
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POWER DEVICE WITH IMPROVED EDGE 
TERMINATION 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application is related to the commonly 
assigned U.S. application Ser. No. 11/026,276, ?led Dec. 29, 
2004, which disclosure is incorporated herein by reference 
in its entirety for all purposes. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to power device tech 
nology, and more particularly to improved edge termination 
for charge balance power devices. 

[0003] The charge balance concept is a promising evolu 
tion in the power device technology. Some of the de?ning 
performance characteristics for the power switch are its 
on-resistance, breakdown voltage and switching speed. 
Depending on the requirements of a particular application, a 
different emphasis may be placed on each of these perfor 
mance criteria. For example, in the mid to high voltage range 
(i.e., 60 to 2,000 volts), a conventional device suffers from 
high resistivity, since the drift region needs to be lightly 
doped in order for the device to sustain high voltages during 
the blocking state. The high resistivity of the drift region 
results in higher source-to-drain on-resistance RDSOD, which 
in turn results in high power losses. Because of the inverse 
relationship between RDSOD and the breakdown voltage, 
improving the breakdown voltage performance of the device 
while maintaining a low RDSOD poses a challenge. 

[0004] Various charge balancing structures in the device 
drift region, including buried electrodes, opposite polarity 
pillars and ?oating regions, have been developed to address 
this challenge with varying degrees of success. The charge 
balancing techniques aim to maintain a substantially uni 
form electric ?eld within the drift region in order to increase 
the breakdown voltage of the device. Thus, for the same 
breakdown voltage, the drift region can be higher doped 
thereby reducing RDSOD. 
[0005] However, one problem with the design of charge 
balance devices is the edge termination area. It is a challenge 
to achieve charge balance at the interface between the active 
region and the termination region since an opposing junction 
to couple to the last active cell can be dif?cult to implement. 
If all the active cells are identically charge balanced except 
at the active to termination interface region, then this inter 
face region becomes the limiting factor in achieving high 
breakdown voltage. The edge termination breakdown at low 
current levels does not hinder device performance however, 
during high current avalanche events such as unclamped 
inductive load (UIL) switching, the limited area of the 
termination region relative to the active array cannot handle 
the power losses. This detrimentally impacts the safe oper 
ating area (SOA) of the device. 

[0006] Thus, what is desirable is a structure and method 
that enable a high device blocking capability, low on 
resistance, and high current handling capability, particularly 
the capability to sustain high avalanche current in the active 
to termination interface region. 

BRIEF SUMMARY OF THE INVENTION 

[0007] In accordance with an embodiment of the inven 
tion, a ?eld effect transistor includes an active region and a 
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termination region surrounding the active region. Aresistive 
element is coupled to the termination region, wherein upon 
occurrence of avalanche breakdown in the termination 
region an avalanche current starts to ?ow in the termination 
region, and the resistive element is con?gured to induce a 
portion of the avalanche current to ?ow through the termi 
nation region and a remaining portion of the avalanche 
current to ?ow through the active region. 

[0008] In one embodiment, the termination region 
includes a termination well of a ?rst conductivity type 
extending to a ?rst depth within a drift region of a second 
conductivity type, and the active region includes an active 
well of the ?rst conductivity type extending to a second 
depth within the drift region, the ?rst depth being deeper 
than the second depth. 

[0009] In another embodiment, the termination well forms 
one end of the resistive element, and the other end of the 
resistive element is biased to ground potential during opera 
tion. 

[0010] In another embodiment, the termination well forms 
a ring surrounding the active region. The termination well 
includes a plurality of discontinuous well contact regions 
intermittently placed around the active region. The plurality 
of well contact regions are of the ?rst conductivity type. 

[0011] In another embodiment, a ?rst interconnect layer 
extends over the active region and a portion of the termi 
nation region. A second interconnect layer, having a lower 
conductivity than the ?rst interconnect layer, is con?gured to 
electrically connect the termination well to the ?rst inter 
connect layer. 

[0012] In yet another embodiment, an interconnect layer 
has a ?rst portion extending over the active region and a 
second portion extending over the termination region. A 
dielectric layer partially insulates the ?rst and second por 
tions of the interconnect layer from one another, wherein the 
second portion of the interconnect layer forms a part of the 
resistive element. 

[0013] In yet another embodiment, the second portion of 
the interconnect layer serves as a ?led plate extending over 
the termination region. 

[0014] In another embodiment, during operation, one end 
of the resistive element is biased to ground potential. 

[0015] In accordance with another embodiment of the 
invention, a ?eld effect transistor includes an active region 
and a termination region surrounding the active region. A 
resistive means is coupled to the termination region, wherein 
upon occurrence of avalanche breakdown in the termination 
region an avalanche current starts to ?ow in the termination 
region, and when the avalanche current reaches a predeter 
mined level the resistive means operates to induce a portion 
of the avalanche current to ?ow through the termination 
region and a remaining portion of the avalanche current to 
?ow through the active region. 

[0016] In accordance with yet another embodiment of the 
invention, a method of reducing current ?ow in the termi 
nation region of a ?eld effect transistor during avalanche 
breakdown is as follows. A resistive element is coupled 
between the termination region and a ground potential, 
wherein upon occurrence of avalanche breakdown in the 
termination region an avalanche current starts to ?ow, and 
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the resistive element operates to induce a portion of the 
avalanche current to How through the termination region and 
a remaining portion of the avalanche current to How through 
an active region of the ?eld effect transistor. 

[0017] In one embodiment, an interconnect layer is 
formed having a ?rst portion extending over the active 
region and a second portion extending over the termination 
region, Wherein the second portion of the interconnect layer 
forms a part of the resistive element. 

[0018] In another embodiment, a termination Well of a ?rst 
conductivity type is formed in a drift region of a second 
conductivity type, Wherein one end of the resistive element 
is coupled to the termination Well and the other end of the 
resistive element is biased to ground potential during opera 
tion. 

[0019] In yet another embodiment, the termination Well 
forms a ring surrounding the active region, and a plurality of 
discontinuous Well contact regions of the ?rst conductivity 
type are formed in the termination Well such that the 
plurality of discontinuous Well contact regions are intermit 
tently formed around the active region. 

[0020] In another embodiment, a ?rst interconnect layer is 
formed in the termination region. A second interconnect 
layer is formed extending over the active region and termi 
nation region, Wherein the ?rst interconnect layer electri 
cally connects the termination Well to the second intercon 
nect layer, and the second interconnect layer has a higher 
conductivity than the ?rst interconnect layer. 

[0021] A further understanding of the nature and the 
advantages of the invention disclosed herein may be realiZed 
by reference to the remaining portions of the speci?cation 
and the attached draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 shoWs a cross sectional vieW of a shielded 
gate trench MOSFET; 

[0023] FIG. 2 shoWs a cross sectional vieW of a termina 
tion region of a shielded gate trench MOSFET according to 
an exemplary embodiment of the invention; and 

[0024] FIGS. 3A and 3B shoW simulation results for a 
MOSFET With a termination structure similar to that in FIG. 
2, Wherein current values for the currents ?oWing through 
the termination region and an active cell are plotted versus 
the drain to source voltage Vds; 

[0025] FIGS. 4A and 4B respectively shoW simulated 
current ?oW lines at loWer and higher avalanche current 
levels, using the same termination design as for FIGS. 3A 
and 3B; and 

[0026] FIGS. 5 and 6 are layout vieWs illustrating tWo 
exemplary implementations of the termination resistor, in 
accordance With embodiments of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0027] Embodiments of the present invention address the 
above problems and other problems by providing structures 
and methods that limit the current in the termination area 
during a UIL sWitching event. A resistive voltage division 
technique is employed in the termination region Which 
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reduces the amount of current that ?oWs through the edge 
termination region during a high avalanche current event by 
progressively shifting an increasing percentage of the ava 
lanche current from the edge termination region to the active 
cells. This technique minimiZes poWer dissipation during 
UIL sWitching at the edge termination region and improves 
the SOA performance. 

[0028] FIG. 1 shoWs a simpli?ed cross sectional vieW of 
a shielded gate trench MOSFET. For simplicity, embodi 
ments of the invention Will be discussed With respect to a 
shielded gate trench MOSFET as the one shoWn in FIG. 1. 
HoWever, the invention is not limited to shielded gate trench 
MOSFETs. Various conventional poWer devices, including 
other kinds of trenched devices as Well as planar devices can 
bene?t from the current sharing technique to reduce the 
poWer losses in the termination region. For example, the 
resistor divider technique of the present invention may be 
combined With many of the various types of poWer devices 
(and in particular With the various charge balance devices 
including those shoWn in FIGS. 2A, 2B, 3A, 3B, 4A-4C, 5A, 
9A-9C, 10-24, 25A-25F, 26A-26C, 27, 28A-28D, 29A-29C) 
of the above-referenced US. patent application Ser. No. 
11/026,276, ?led Dec. 29, 2004, incorporated herein by 
reference. As With all the other ?gures described herein, the 
relative dimensions and siZes of the elements shoWn do not 
re?ect actual dimensions and are for illustrative purposes 
only. 

[0029] In FIG. 1, a trench 110 extends from a top surface 
through a p-type Well or body region 104, and terminates in 
an n-type drift or epitaxial region 102. N-type source regions 
108 are formed inside body region 104 adjacent to the trench 
110. A drain terminal (not shoWn) is formed at the backside 
of the substrate connecting to a heavily doped n-type sub 
strate region 100. The structure shoWn in FIG. 1 is repeated 
many times on a common substrate to form an array of 

transistors. The array may be con?gured in various cellular 
or striped architectures knoWn in this art. When the transis 
tor is turned on, a conducting channel is formed in body 
region 104 betWeen source regions 108 and drift region 102 
along the Walls of gate trenches 110. 

[0030] Trench 110 includes a gate electrode 122, and 
underlying shield electrode 114. In one embodiment, gate 
electrode 122 and shield electrode comprise polysilicon. 
Shield electrode 114 is insulated from adjacent regions by a 
shield dielectric 112, and gate electrode 122 is insulated 
from adjacent regions by gate dielectric 120. The gate and 
shield electrodes are insulated from each other by a dielec 
tric layer 116 commonly referred to as an inter-poly dielec 
tric or IPD. A metal layer 126 serves as a source contact to 

electrically contact source regions 108 and body region 104 
via heavy body regions 106. A dielectric dome 124 over gate 
electrode 122 insulates source metal 126 from gate electrode 
122. 

[0031] The breakdown voltage of the MOSFET is typi 
cally limited by the cylindrical or spherical shape of the 
depletion region Which is formed around the last di?‘usion 
junction at the edge of the die during the blocking state. 
Since this cylindrical or spherical breakdoWn voltage is 
loWer than the parallel plane breakdoWn voltage in the active 
region of the device, the active region of the device is 
terminated so as to achieve a breakdoWn voltage for the 
device that is close to the active region breakdoWn voltage. 
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Different termination techniques have been developed to 
spread the ?eld more uniformly across the edge termination 
Width in order to raise the breakdown voltage in the termi 
nation region to that of the active region. These include ?eld 
plates, ?eld rings, junction termination extension (JTE) and 
different combinations of these techniques. 

[0032] FIG. 2 shoWs a cross sectional vieW of a termina 
tion region of a shielded-gate trench MOSFET, in accor 
dance With an embodiment of the invention. An n-type drift 
region 202 (e. g., epitaxial layer) extends over a highly doped 
n-type substrate 200. The termination structure includes a 
p-isolation Well 204 extending deep into drift region 202. 
The p-isolation Well 204 forms a ring around the active 
region of the device. The p-isolation Well 204 extends 
deeper than the p-Well 205 in the active cell array, and 
conducts a relatively small amount of current When the 
MOSFET is in the on state. This current is less than that in 
the active region because the deep p-isolation Well 204 
raises the threshold voltage of the transistor formed at the 
edge of p-isolation Well 204. The small current through 
p-isolation Well 204 advantageously reduces the MOSFET 
on-resistance. In an alternate embodiment, the p-isolation 
Well 204 is made non-conducting by eliminating source 
region 208 in p-isolation Well 204. The absence of a source 
region in p-isolation Well 204 safeguards against potential 
parasitic bipolar triggered failures. 

[0033] In FIG. 2, trench 210 and its inner layers of 
material (i.e., shield dielectric, shield electrode, inter-poly 
dielectric, gate dielectric, and gate electrode) are structurally 
similar to those in FIG. 1. While the last trench 210 has a 
similar structure to those in the active region, the invention 
is not limited to such structure. In other embodiments, trench 
210 may be ?lled With a polysilicon electrode buried in a 
loWer portion and a dielectric layer in an upper portion, or 
trench 210 may be substantially ?lled With dielectric With no 
conductive material buried therein. In another embodiment, 
trench 210 surrounds the active region in the shape of a ring. 

[0034] A dielectric material 224 insulates source intercon 
nect portions 226 and 227 from the gate electrode in trench 
210. Dielectric material 224 also serves to partially insulate 
source interconnect portions 226 and 227 from one another. 
That is, source interconnect portions 226 and 227 are in part 
insulated from one another by dielectric 224, but are elec 
trically connected together along a third dimension (not 
shoWn). By partially insulating source interconnect portions 
226 and 227 from one another, a high resistance path 
(depicted by resistor 228) is created. In one embodiment, 
source interconnect portions 226 and 227 are both from 
metal. In another embodiment, source interconnect portion 
227 comprises polysilicon in order to obtain a higher resis 
tance path. A number of other implementations for resistor 
228 are discussed further beloW in reference to FIGS. 5 and 
6. Source interconnect portion 227, Which is insulated from 
the underlying regions by a ?eld oxide layer 225, also serves 
as a ?eld plate over the termination region. 

[0035] In conventional termination designs, because all of 
the current during high current avalanche events ?oWs 
through the p-isolation region, the termination structure is 
designed so as to minimiZe the resistance in the path from 
the p-isolation region through the source interconnect to the 
external source electrode. This is typically achieved by 
inclusion of a heavy body region in the P-isolation region 
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Where the source interconnect contacts the p-isolation 
region, and by use of Wide contact openings for source 
interconnect to p-isolation contact. Further, the source inter 
connect portion contacting the p-isolation region is directly 
connected to the source interconnect portion in the active 
region. That is, unlike the gap created by insulation material 
224 betWeen the source interconnect portions 226 and 227 in 
FIG. 2, in conventional designs, portions 226 and 227 are 
directly connected together by source metal extending over 
insulation region 224. Despite the use of these various 
techniques to reduce the resistance in the termination region, 
conventional designs suffer from poor SOA performance 
because the relatively small area of the termination region 
can not handle the high avalanche current resulting in high 
poWer losses. 

[0036] In direct contrast to conventional designs, embodi 
ments of the invention signi?cantly increase (rather than 
decrease) the resistance in the path from the p-isolation 
region through the source interconnect to the external source 
electrode (not shoWn). In one embodiment, the resistance in 
this path is several orders of magnitude higher than that in 
conventional designs. The higher resistance is shoWn sym 
bolically by resistor symbol 228 in FIG. 2. Resistor 228 
advantageously operates to shift an increasing percentage of 
the high avalanche current to the active region as depicted by 
the current ?oW line 232 in FIG. 2. This helps maintain the 
p-isolation junction in loW impact ionization/avalanche 
mode. Accordingly, a smaller percentage of the avalanche 
current, depicted by current ?oW line 234, ?ows through the 
p-isolation region, Which in turn reduces the poWer dissi 
pated in the termination region during UIL sWitching events. 
The percentage of the avalanche current that is steered into 
the active region is dependent on the resistance value of 
resistor 228 Which can be accurately controlled in practice. 

[0037] Since the resistor value can be easily controlled, it 
is possible to tailor it to particular operating conditions and 
die siZes. A suitable metal or polysilicon (doped or un 
doped) may be chosen for source interconnect portion 227 
according to the resistive properties and resistance values 
desired. In one embodiment, in addition to other features, the 
siZe of the contact opening over the p-isolation region 204 
and/or the doping concentration in the heavy body region 
206 in p-isolation region 204 are adjusted to obtain the 
desired resistance. In yet another embodiment Wherein the 
p-isolation Well forms a ring around the active region, its 
inner heavy body region 206 is intermittently formed around 
the active region (i.e., is not a single continuous ring). The 
discontinuities create resistive paths Within the p-isolation 
Well 204. In one embodiment, a resistance value of 500 
kQ’l‘um per unit area of the termination region has shoWn 
optimal results as discussed beloW With respect to FIGS. 3A 
and 3B. HoWever, resistance values ranging from 1 mega 
Q’l‘um to 100 kQ’l‘um may also be effective depending on the 
design goals and the target application. 

[0038] FIGS. 3A and 3B shoW simulation results for a 
MOSFET With a termination structure similar to that in FIG. 
2. In FIGS. 3A and 3B, current values for the current ?oWing 
through the termination region (shoWn by curve 304) and the 
current ?oWing through an active cell (shoWn by curve 302) 
are plotted versus the drain to source voltage Vds. The plot 
in FIG. 3A shoWs these tWo currents at the Vds range of 
0V-40V and the current range of l0_l8A-l0_4A, While the 
plot in FIG. 3B shoWs these tWo currents at the higher Vds 
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range of 35V-60V and the higher current range of l0_6A 
l0_3A. A lumped (i.e., not distributed) 500 kQ’l‘um resistor 
was used as resistor 228 in the simulation. The transistor was 
?rst put into avalanche by ramping up Vds, followed by an 
overdriving current condition to model the UIL switching 
event. 

[0039] As can be seen in FIG. 3A, during the initial 
ramping of Vds, the termination current 304 is low and a 
small leakage current ?ows through the active cell. The 
particular drain to source voltage at which breakdown 
occurs in the termination region (about 32V in FIG. 3A) is 
not impacted by the presence of resistor 228. However, once 
avalanche breakdown occurs in the termination region, 
resistor 228 starts in?uencing the ?ow of current when a 
particular avalanche current level is reached. The avalanche 
current level at which resistor 228 starts in?uencing the 
current ?ow depends on the resistance value of resistor 228. 
For the particular resistance value used in the FIG. 3A 
example, resistor 228 starts in?uencing the ?ow of current 
at avalanche current levels near 10'6 A where the slope of 
the termination current curve 304 starts to reduce. This is 
marked in FIG. 3A by circle 308. At this and higher 
avalanche current levels, resistor 228 operates to divert an 
increasing percentage of the termination avalanche current 
to the adjacent active cell. 

[0040] As can be seen in FIG. 3A, avalanche breakdown 
occurs in the active region at about 37V, and the termination 
current 304 crosses over the active current at a drain current 
of about 0.13 A. This cross over point is marked by reference 
numeral 306 in FIGS. 3A and 3B. Note that in conventional 
designs, this cross over occurs at signi?cantly higher current 
levels (e.g., 3 or 4 orders of magnitude higher than the cross 
over point 306 in FIGS. 3A, 3B). Since active current 302 
is the simulated current for a single active cell, a current 
measurement for an array of active cells in an actual die 
would have a steeper slope than the one shown in FIG. 3B. 
The rise in the active cell current 302 to levels higher than 
the termination current 304 illustrates the shifting effect of 
resistor 228, which distributes the current between the 
termination region and the active cells at these high ava 
lanche current levels. Note that, in general, because the same 
degree of charge balance achieved in the active region is 
di?icult to obtain in the termination region, the termination 
region tends to have a lower breakdown voltage than the 
active cell array, and thus the onset of avalanche breakdown 
occurs in the termination region. 

[0041] FIGS. 4A and 4B show simulations of avalanche 
current ?ow lines at lower current levels and higher current 
levels, respectively, using the same termination design as for 
FIGS. 3A and 3B. In both FIGS. 4A and 4B, the current ?ow 
lines represent increasing current levels from left to right 
(i.e., from region 402 to region 404). FIG. 4A shows that at 
lower avalanche current levels, the avalanche current ?ows 
entirely through the p-isolation well 204. FIG. 4B shows that 
at higher avalanche current levels, resistor 228 operates to 
distribute the avalanche current between the p-isolation well 
204 and the active region left of trench 210. 

[0042] In conventional designs where resistor 228 is 
absent, all of the avalanche current, even at high current 
levels, ?ows through the p-isolation region. However, dur 
ing UIL switching events, since the energy of the inductive 
load (given by 1/2 I2L, where I stands for current and L stands 
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for inductance) is ?nite, resistor 228 e?fectively distributes 
the energy between the termination region and the active 
cells, thus decreasing the likelihood that there would be a 
failure in the active cell region (i.e., latch-up) or in the 
termination region (i.e., current crowding and excessive 
heating). A signi?cantly improved SOA performance is thus 
achieved. The amount of current shifting or division is set by 
the resistance value, which can be easily and accurately 
adjusted by modifying the various components and physical 
features in the path through the termination to the external 
source electrode. 

[0043] FIGS. 5 and 6 show two exemplary implementa 
tions of the resistor in the termination region. FIG. 5 is a 
simpli?ed layout view of a die 502 housing a power device 
such as a shielded gate MOSFET with a cell structure similar 
to that shown in FIG. 1 and a termination region with a 
structure similar to that shown in FIG. 2. Die 502 includes 
an active interconnect 526 extending over the active region, 
and a termination interconnect ring 527 extending over 
termination region 504 around the active region. Termina 
tion interconnect ring 527 ?lls the contact opening over the 
termination p-isolation well and contacts the p-isolation well 
in a similar manner to termination interconnect 227 in FIG. 
2. Dielectric material 524 insulates active interconnect 526 
from termination interconnect ring 527 except for those 
areas where interconnect links 532 are present. Interconnect 
links 524 electrically connect termination interconnect ring 
527 to active interconnect 526 at predesignated locations 
around the active region. 

[0044] In general, active interconnect 526 is made of 
highly conductive material. By coupling termination inter 
connect rings 527 to active interconnect 526 through thin 
interconnect links 532, a higher resistive path is created 
between the termination region and the active interconnect 
526. In one embodiment, termination interconnect ring 527 
is from the same highly conductive material as active 
interconnect 526, and interconnect links 532 are made of 
more resistive conductors thus forming part of the resistive 
path. In other embodiments, one or both of the termination 
interconnect ring 527 and interconnect links 532 are made of 
more resistive conductors such as low conductivity metallic 
compounds or polysilicon (doped or undoped) depending on 
the desired resistance value. 

[0045] FIG. 6 shows another implementation of the ter 
mination resistor. Die 602, similar to die 502 in FIG. 5, 
houses a power device such as a shielded gate MOSFET 
with a cell structure similar to that shown in FIG. 1 and a 
termination region with a structure similar to that shown in 
FIG. 2. The dashed line 606 delineates the active region of 
the die, with termination region 604 extending around active 
region 606 along the outer perimeter of die 602. A highly 
conductive sheet of interconnect 610 extends over active 
region 606 and a portion of termination region 604. A 
polysilicon ring 608 (cross hatched region) underlying the 
sheet of interconnect 610 extends through termination 
region 604 and surrounds active region 606. Polysilicon ring 
608 ?lls the contact opening over the p-isolation well 204 
(FIG. 2) thereby electrically connecting its overlying sheet 
of interconnect 610 to its underlying p-isolation well. Poly 
silicon ring 608 thus forms a resistive path between the 
p-isolation well and the sheet of interconnect 610. Polysili 
con ring 608 may be doped or undoped depending on the 
desired resistance value. 
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[0046] While the above provides a complete description of 
the preferred embodiments of the invention, many alterna 
tives, modi?cations, and equivalents are possible. For 
example, the charge balanced structures described herein in 
the context of a MOSFET and in particular a shielded gate 
trench MOSFET. Those skilled in the art Will appreciate that 
the same techniques can apply to other types of MOSFETs 
and poWer devices such as lGBTs and lateral gate MOS 
FETS, and more broadly to any poWer device Which can 
bene?t from limiting the current levels in the edge termi 
nation region. For this and other reasons, therefore, the 
above description should not be taken as limiting the scope 
of the invention, Which is de?ned by the appended claims. 

1. A ?eld effect transistor comprising: 

an active region; 

a termination region surrounding the active region; and 

a resistive element coupled to the termination region, 
Wherein upon occurrence of avalanche breakdown in 
the termination region an avalanche current starts to 
How in the termination region, and the resistive element 
is con?gured to induce a portion of the avalanche 
current to How through the termination region and a 
remaining portion of the avalanche current to How 
through the active region. 

2. The ?eld effect transistor of claim 1 Wherein the 
termination region includes a termination Well of a ?rst 
conductivity type extending to a ?rst depth Within a drift 
region of a second conductivity type, and the active region 
includes an active Well of the ?rst conductivity type extend 
ing to a second depth Within the drift region, the ?rst depth 
being deeper than the second depth. 

3. The ?eld effect transistor of claim 2 Wherein the 
termination Well forms one end of the resistive element, and 
the other end of the resistive element is biased to ground 
potential during operation. 

4. The ?eld effect transistor of claim 2 Wherein the 
termination Well forms a ring surrounding the active region, 
the termination Well comprising a plurality of discontinuous 
Well contact regions intermittently placed around the active 
region, the plurality of Well contact regions being of the ?rst 
conductivity type. 

5. The ?eld effect transistor of claim 2 further comprising: 

a ?rst interconnect layer extending over the active region 
and a portion of the termination region; and 

a second interconnect layer con?gured to electrically 
connect the termination Well to the ?rst interconnect 
layer, Wherein the second interconnect layer has a 
loWer conductivity than the ?rst interconnect layer. 

6. The ?eld effect transistor of claim 5 Wherein the ?rst 
interconnect layer comprises metal, and the second inter 
connect layer comprises polysilicon. 

7. The ?eld effect transistor of claim 1 Wherein the active 
region includes charge balanced structures. 

8. The ?eld effect transistor of claim 1 Wherein the active 
region includes a plurality of shielded gate trench poWer 
MOSFET cells. 

9. The ?eld effect transistor of claim 1 further comprising: 

an interconnect layer having a ?rst portion extending over 
the active region and a second portion extending over 
the termination region; and 
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a dielectric layer partially insulating the ?rst and second 
portions of the interconnect layer from one another, the 
second portion of the interconnect layer forming a part 
of the resistive element. 

10. The ?eld effect transistor of claim 9 Wherein the 
second portion of the interconnect layer serves as a ?led 
plate extending over the termination region. 

11. The ?eld effect transistor of claim 1 Wherein the 
resistive element has a value in the range of l kQ’l‘um to l 
mega-Q’l‘um. 

12. The ?eld effect transistor of claim 1 Wherein during 
operation, one end of the resistive element is biased to 
ground potential. 

13. A trench gate poWer MOSFET comprising: 

a drift region of a ?rst conductivity type over a substrate 
of the ?rst conductivity type; 

an active region comprising: 

an active Well of a second conductivity type extending 
to a predetermined depth Within the drift region; 

a plurality of gate trenches extending through the Well 
region; and 

a plurality of source regions of the ?rst conductivity 
type ?anking sides of the plurality of gate trenches; 

a termination region surrounding the active region, com 
prising: 

a termination Well of the second conductivity type 
extending deeper into the drift region than the active 
Well; and 

a resistive element coupled to the termination Well, 
Wherein during a UIL sWitching event upon occur 
rence of avalanche breakdoWn in the termination 
region an avalanche current starts to How in the 
termination region, and When the avalanche current 
reaches a predetermined level the resistive element 
induces a portion of the avalanche current to How 
through the active region and a remaining portion of 
the avalanche current to How through the termination 
region. 

14. The ?eld effect transistor of claim 13 Wherein the 
termination Well forms one end of the resistive element, and 
the other end of the resistive element is biased to ground 
potential during operation. 

15. The ?eld effect transistor of claim 13 Wherein the 
termination Well forms a ring surrounding the active region, 
the termination Well comprising a plurality of discontinuous 
Well contact regions intermittently placed around the active 
region, the plurality of Well contact regions being of the ?rst 
conductivity type. 

16. The ?eld effect transistor of claim 13 further com 
prising: 

a ?rst interconnect layer extending over the active region 
and a portion of the termination region; and 

a second interconnect layer con?gured to electrically 
connect the termination Well to the ?rst interconnect 
layer, Wherein the second interconnect layer has a 
loWer conductivity than the ?rst interconnect layer. 

17. The ?eld effect transistor of claim 16 Wherein the ?rst 
interconnect layer comprises metal, and the second inter 
connect layer comprises polysilicon. 
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18. The ?eld effect transistor of claim 13 further com 
prising: 

an interconnect layer having a ?rst portion extending over 
the active region and a second portion extending over 
the termination region; and 

a dielectric layer partially insulating the ?rst and second 
portions of the interconnect layer from one another, the 
second portion of the interconnect layer forming a part 
of the resistive element. 

19. The ?eld effect transistor of claim 18 Wherein the 
second portion of the interconnect layer serves as a ?led 
plate extending over the termination region. 

20. The ?eld effect transistor of claim 13 Wherein the 
resistive element has a value in the range of l kQ’l‘um to l 
mega-Q*-82 m. 

21. The ?eld effect transistor of claim 13 Wherein during 
operation, one end of the resistive element is biased to 
ground potential. 

22. The semiconductor device of claim 13 Wherein the 
termination region further includes a termination trench 
extending into the drift region adjacent to the termination 
Well, the termination trench surrounding the active region in 
the shape of a ring. 

23. The ?eld effect transistor of claim 13 Wherein each 
gate trench comprises: 

a shield electrode insulated from the drift region by a 
shield dielectric; and 

a gate electrode over but insulated from the shield elec 
trode by an inter-poly dielectric layer. 

24. The ?eld effect transistor of claim 13 Wherein each 
gate trench comprises: 

a gate dielectric lining the gate trench sideWalls; 

a bottom dielectric thicker than the gate dielectric, lining 
the gate trench bottom; and 

a recessed gate electrode over the bottom dielectric. 
25. A ?eld effect transistor comprising: 

an active region; 

a termination region surrounding the active region; 

a resistive means coupled to the termination region, 
Wherein upon occurrence of avalanche breakdown in 
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the termination region an avalanche current starts to 
How in the termination region, and When the avalanche 
current reaches a predetermined level the resistive 
means operates to induce a portion of the avalanche 
current to How through the termination region and a 
remaining portion of the avalanche current to How 
through the active region. 

26. The ?eld effect transistor of claim 25 Wherein the 
termination region includes a termination Well of ?rst con 
ductivity type extending to a ?rst depth Within a drift region 
of a second conductivity type. 

27. The ?eld effect transistor of claim 26 Wherein the 
termination Well forms one end of the resistive means, and 
the other end of the resistive means is biased to ground 
potential during operation. 

28. The ?eld effect transistor of claim 26 Wherein the 
termination Well forms a ring surrounding the active region, 
the termination Well comprising a plurality of discontinuous 
Well contact regions intermittently placed around the active 
region, the plurality of Well contact regions being of the ?rst 
conductivity type. 

29. The ?eld effect transistor of claim 25 further com 
prising: 

a ?rst interconnect layer extending over the active region 
and a portion of the termination region; and 

a second interconnect layer con?gured to electrically 
connect the termination Well to the ?rst interconnect 
layer, Wherein the second interconnect layer has a 
loWer conductivity than the ?rst interconnect layer. 

30. The ?eld effect transistor of claim 25 further com 
prising: 

an interconnect layer having a ?rst portion extending over 
the active region and a second portion extending over 
the termination region; and 

a dielectric layer partially insulating the ?rst and second 
portions of the interconnect layer from one another, the 
second portion of the interconnect layer forming a part 
of the resistive means. 

31. The ?eld effect transistor of claim 25 Wherein during 
operation, one end of the resistive means is biased to ground 
potential. 


